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Abstract: We calculate within the MSSM the one-loop Yukawa coupling correc- 
tions to the processes e + e~ — > titj, bibj, fjf j in order of Yukawa coupling squared. 
These corrections are due to the exchange of charginos, neutralinos, charged and 
neutral Higgs bosons, and charged and neutral Higgs ghosts. We give the complete 
analytical formulae. We also perform a detailed numerical analysis of the Yukawa 
coupling corrections, including also the SUSY-QCD corrections. It turns out that for 
stop and sbottom production the Yukawa coupling corrections are typically ~ ±10% 
of the tree-level cross section. For stau production they are about ±5%. 
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1. Introduction 

Supersymmetry (SUSY) is widely regarded as the most appealing extension of the 
Standard Model. For testing a specific model of supersymmetry as, for instance, the 
Minimal Supersymmetric Standard Model (MSSM) [1, 2, 3] precise predictions for 
the production and decays of SUSY particles are necessary. 

Within the last years one-loop SUSY-QCD corrections have been calculated for a 
variety of processes involving SUSY particles: for e + e~ — * ftft,, = 1,2) in [4, 5], 
for ft -> qx° k (k = 1,...,4), ft -> q'xt ( l = M), in [ 6 ], for ft -»• qg in [7], for 
q 2 -> 5iZ°,ft -> gJ-W* in [8], for q 2 -> q^h , H° , A ) , ft -> gj-if* in [9, 10] and 
for the related Higgs boson decays (h°,H°,A°) — > ftftj, ^T" 11 — >■ ftft^- in [9, 11], for 
55' -> 5<f, -»• 55, 55"' -> 55 , -> <7<7, 55 -> #5 -»■ <?5 in [12]. Here ft (i = 1, 2) 
are the mass eigenstates of q, y§. (k = \, . . . ,&) the neutralinos, (I — 1)2) the 
charginos, and h°, H°, A , H* 1 the Higgs bosons of the MSSM. 

The SUSY-QCD corrections have turned out to be significant, going up to 90%, 
depending on the SUSY parameters. The electroweak radiative corrections are ex- 
pected to be much smaller as « < a s , except those which originate from top, bottom 
and tau Yukawa couplings 

g Tfif g m h)T 

h-t — — 1= 7,1 hbT = —F= n- (1-1) 

\/2m w sin/? \f2m w cosp 

They potentially lead to larger corrections due to the large top mass m t in h t and/or 
due to a large coupling h b:T in the case of large tan (3. Such (electroweak) Yukawa 



1 



coupling corrections have been calculated for e + e~ — > xtxj m [13, 14], for b — > txi 
in [15], and for H + — > in [16]. The calculations have shown that also these 

corrections can be important. 

In this article we calculate the one-loop Yukawa coupling corrections to the process 

e + e-^fJ J (ij = 1,2), f = t,b,f, (1.2) 

where fi are the mass eigenstates of /. These corrections are due to the exchange of 
charginos, neutralinos, Higgs bosons, and Higgs ghosts. They are computed in order 
~ h 2 , h 2 ,, hfhf with f = t,b, r. f denotes the isospin partner (e.g. f = t, f = b). 
We work in the on-shell scheme. The calculation requires the renormalization of the 
sfermion mixing angle 9j, which was first applied in [5]. In this paper we take a 
slightly modified renormalization condition for 9j [15]. In principle, the computation 
of the Yukawa coupling corrections can be done in the unitary gauge. However, 
because of electroweak symmetry breaking the longitudinal components of W ± and 
Z° exchange behave as the contributions from the Higgs ghosts G ± and G°, also 
being proportional to h 2 f,h 2 f,,hfhf. This is properly taken into account by using 
the t'Hooft-Feynman gauge (£ = 1) which we take here. We will see that the 
contributions due to the exchange of G° and G + are important. 



2. Tree— level formulae 



In the case of the 3 rd generation the weak eigenstates f L and f R mix to mass eigen- 
states fi and fi (m^ < mj 2 ): 



fi = h cos 9j + f R sin Of , f2 = ~h sin Of + f R cos 9j 
with the sfermion mixing angle 9j. Using the rotation matrix 

R* = 



(2-1) 



cos 9 j sin9j 
- sin^j cos9j 



[2.2) 



we can write eq. (2.1) in the form /, = R{J L + R{Jr- 

The tree-level production process eq. (1.2) proceeds via 7 and Z exchange in the 
s-channel. The cross section at tree-level is given by: 



Cf na 3/2 

'So 

3 s 13 



ejSij - !'-■/( ( <t{ 6, :i + T zz (a{ 



f 2 



with 



s(s-m 2 z ) 



8c 2 w s 2 w (s - m 2 z ) 2 + r|m| ' 



zz 



ifll + vl) 



256s^ w (s - m 2 z ) 2 + T 2 z m 2 z 



(2.3) 



(2-4) 
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Here \j = (1 — /if — /i 2 ) 2 — 4/i 2 /i 2 with /if^ = m-~ /s. e/ is the charge of the sfermion 
(e t = 2/3, eft = — 1/3, e T = —1). is a color factor, for squarks = 3 and for 
sleptons = 1. v e and a e are the vector and axial vector couplings of the electron 
to the Z boson: v e = — 1 + 4s^ (with sw = sin W , c\y = cos #w is the Weinberg 
angle), a e = —1, a{j are the relevant parts of the couplings to Zfcfj, see eq. (A.l), 
and T z is the total width of the Z boson. 



3. One— loop corrections 

The corrected cross section including SUSY-QCD corrections in 0(a s ) and Yukawa 
couplings corrections in 0(h^, h'j,, hfhy) [17] can be written as 

a = a + Aa 9 + Aa 9 + Aa yuk . (3.1) 

The SUSY-QCD corrections Aa 9 and Aa 9 are given in [5]. The Yukawa cou- 
plings corrections Aa yuk can be written as a sum of contributions from exchange 
of charginos, neutralinos, charged and neutral Higgs particles, and charged and neu- 
tral Higgs ghosts, see Fig. 1. 

Aa yuk = Aa* + + Aa*° + Aa H+ + Aa n ° + Aa G+ + A^ , (3.2) 

where 7i° denotes the sum of contributions from neutral Higgs bosons h°, H°, and 
A . According to eq. (2.3) the corrections can be written as: 



3 s J 

(3.3) 

(no sum over where x indicates the exchange of x + ■, X°, H + , H°, G + , G°. The 
terms Aa^f and A(ef) ( -f are decomposed as: 

Aag = 5a^ x) + 8a^ x) + 5af 3 ' x) , (3.4) 
A(e f )^ = 5(e f )^ + 5(e f p x) . (3.5) 

The upper index v denotes the vertex corrections (Fig. la-f), w the wave-function 
corrections (Fig. lg— i) , and 5a\^ is the counterterm due to the renormalization of 
the mixing angle 9j. The latter is necessary because the couplings a{j explicitly de- 
pend on the sfermion mixing angle, see eq. (A.l). The total correction terms Aafj 1 
and A(ej)ff are ultraviolet finite. In the computation we use the one-, two-, and 
three-point functions A , B ,C ,Ci, and C 2 [18] in the convention of [19]. 

First we calculate the vertex corrections corresponding to Fig. la-f. We introduce 
the variable Ay which is connected to the vertex correction terms 8a^' x \ eq. (3.4), 
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2e f A(e f )ff5 tJ - T lZ {e f 5 l3 Aa [x) + A( e/ )£>4) + 27^4^' 1 
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g) h) i) 

,'V,gA h\H\A\G°{H+,G+) x + (x°) 
i i ,— . 




Figure 1: Feynman diagrams for the one-loop corrections to e + e —* fifj in order of 
Yukawa couplings squared. 

and 5(ef)^' x \ eq. (3.5), by the relations 

S $* ) = J&y A '*> 5 ^t X) = J^y^- (3-6) 

For the one-loop graphs of (Z°*,7*) — > /$/• with three scalars propagating in 
the loop, Fig. la-c, i. e. the graphs with h°, H°, A , H^, G°, and exchange, one 
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has the following generic formula 



A = g gig2(C + C 1 + C 2 ) (3.7) 
with (m| , s, m 2 f , Ma 2 , M\ , Mf ) as the arguments of the C-functions. The couplings 

Si Si 

9Qi9ii 92 and the masses M , M 1; M 2 of the particles in the loop can be read off from 
Table 1. The contributions from the ghosts G + and G° are not given explicitly 
because they can be easily calculated from the contributions with H + and A by 
using the transformation rules 

71 

(3 — > (3 — — , m H + — ► m w + , m A o — »■ m z o . (3.8) 
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Table 1: Parameters for calculating the coefficients A, with three scalar particles in the 
loop, eq. (3.6). See also eq. (3.7) and Fig. la-c. We used flg = {h°,H°,A } and fi = cos 
and f 2 = sin. 



For the one-loop graphs of (Z *, 7*) — > ■ with a closed fermion loop, Fig. ld-f, 
i. e. the graphs with an d X° exchange, one has the following generic formula: 

A = M M 2 (gfotgL + g*g*g*) ( G o + d + C 2 ) 
+ M M : (^iV + (C + d + C 2 ) 

+ Mx M 2 (^f <?2 + <$7^)(Ci + C 2 ) 
+ (flfof + <?oV 92) {B (s, Ml Mj) 

+ M 2 (2C + Ci + C 2 ) + m|Ci + m|C 2 ) . (3.9) 

Here the set of arguments for the C-functions is (m 2 f , s, m| , M5 2 , Mf, Mf ). The cou- 

Si Sj 

plings #0,1,2 an< i 9o,i,2 as wen as the masses M ,Mi,M 2 of the particles in the loop 
are given in Table 2. 
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Table 2: Parameters for calculating the coefficients A with a closed fermion loop, eq. (3.6). 
See also eq. (3.9) and Fig. ld-f. The coefficient Ay x (f) is obtained from Ay x (b) by- 
using the rules t — > v T and 6 — > r. Further we used 0" R = —0" L . 



The sfermion wave-function renormalization due to the sfermion self-energy 
graphs (Fig. lg— i) with exchange of the particle(s) x leads in the on-shell scheme to 

*«,r : = + SZ^al + 8Z$a{ fj + 5Z%a{ f , (3.10) 

Sag* = \{8Z$ + SZ^al + SZ^ + 5Z%a{ 3 , , (3.11) 
Keft' X) = e f 5Zjf> , 5(e f t 2 x) = 2 g 2 {^i? + <SZ<?} , (3.12) 

71 72 

with i ^ i', j ^ f, bzf = -Re {^V|)}, where V) = (fc 2 )/<9fc 2 | fc2 
and 



= /2 , , and 6Zif = 2 % . (3.13) 



71 72 71 72 

Note, that S 12 (A; 2 ) = E 2 i(/c 2 ). 

The self-energy corresponding to Fig. lg is 

Sjf +) = - (6 f 44 + C/ 44) A (mi + ) , (3.14) 

with b u = Cd = h d sin 2 f3 and bd = c u = h\ cos 2 (3 where (u, d) = (t, b) or (u T , r). The 
indices i and j refer to the sfermions /j and /_,-. i? 7 " is given in eq. (2.2). 

Next we treat the self-energies corresponding to Fig. lh. The results for the 
graphs with the neutral Higgs particles h°, H°, and A and a sfermion in the loop 
are 



2h 2 



4 * V) = (G f , k ) H {G Lk ) 3l B {k\m^m)) . (3.15) 
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The couplings Gj k are given in eqs. (A. 4) - (A. 9). Note that for k — 1, 2 the matrices 
(Gj k ) are symmetric, therefore {Gj k ) = (Gy jfc ) . For the case of A exchange the 
matrix (Gj k ) is totally antisymmetric, (Gf 3 ) H = — (Gf 3 ) u - 

Analogously we get for the graphs with a charged Higgs particle and a sfermion in 
the loop, 

^ +f '\k 2 ) = j^y 2 E a (Gfr)u (%0^o(^ 2 ,m^ + ,m|) , (3.16) 
with the couplings Gjj, given in eqs. (A. 10) and (A. 11). 

The ghost contributions ^\f + \ f \ and -* can be calculated from ^\f + \ 

*\ and T l [f +f \ respectively, using eq. (3.8). 

As to the self-energies corresponding to Fig. li, for chargino exchange we get 
\k 2 ) = E 2 [irnrm^ + fc^)Bb(fc 2 , m 2 , m},) (3.17) 

+ (Z&jj + fc/,A;/,) (A (m 2 ) + A (mJ,) + (m 2 + mj, - k 2 )B (k 2 , m 2 , m 2 



where the index / refers to the charginos xt (with mi = rn^+). For neutralino 
exchange we get 



)(A;2) = "(4^ ^ [ 2m / mfc ^A + b{ k a f jk )B (k 2 ,mim 2 f ) (3.18) 
+ (a{ fc aj fc + Sf fc S/ fc ) (A (m 2 k ) + A (m 2 f ) + (m 2 + m) - k 2 )B (k 2 , m 2 , mj)) 
where the index fc refers to the neutralinos x° (with m k = m^o). 

For the renormalization of the sfermion mixing angle 8j we get from eq. (A.l) 



54< x) = [ f 2a ' 2 , a22 ~f u } 56f. (3.19) 
1 «22 - a ii -2a{ 2 1 



We require a process independent renormalization condition for #y that involves both 
mass eigenstates fi and / 2 (see also [15]), 

M f = W> - «2g>) = E "K» + E ifK> . (3 . 20) 

■> 2 2 ml — mi 

K h h' 

We want to point out that in the case of chargino exchange this antisymmetric 
combination of 5Zi 2 and 5Z 2 i is the only possible fixing condition for 56^ ^ as a 
function of the off-diagonal self-energies. 
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4. Numerical results and discussion 

Let us now turn to the numerical analysis. As input parameters we take the MSSM 
parameters Mq u jj i A t>b>T , niA, p, M, and tan/3. M is the SU(2) gaugino mass; 
for the U(l) gaugino mass M' and the gluino mass m g we assume the GUT relations 
M' = (5/3) tan 2 9 W M and m g = (a s (mg)/a 2 )M. Moreover, we take m t = 175 GeV, 
m b = 5 GeV, m z = 91.187 GeV, sin 2 6\y = 0.232, m w = m z cos9 w , a(m z ) = 
1/128.87, and a s (m z ) = 0.12 [with a s (Q) = 12tt/((33 - 2n f ) ln(Q 2 /A 2 nf )), n f being 
the number of quark flavours] . For the radiative corrections to the h° and H° masses 
and their mixing angle a (— f < a < | by convention) we use the formulae of 
[22]; for those to m H + we follow [23] * . In order to respect the experimental mass 
bounds from LEP2 [24] and Tevatron [25] we impose m h o > 90 GeV, m-+ > 95 GeV, 
m h 6i fi > ^5 GeV, and m g > 200 GeV. Moreover, we require Sp (t — b) < 0.0012 
[26] from electroweak precision measurements using the one-loop formulae of [27] 
and A 2 < 3 (M| + M? + mjj 2 ), A\ T < 3 (M| £ + M? ^ + m 2 Hl ) with m\ 2 = (m\ + 
m|) cos 2 P — \ m 2 z and m 2 Hl = (m\ + m 2 z ) sin 2 (3 — \ m 2 z [28] to guarantee tree-level 
vacuum stability. 

For stop and sbottom production we choose Mq = 225 GeV, il% = 200 GeV, 
M b = 250 GeV, A t = A b = 400 GeV, m A = 300 GeV, and tan/3 = 4 as an 
illustrative parameter point. Moreover, we consider two sets of M and p values: a 
"gaugino scenario" with M = 200 GeV and p = 1000 GeV and a "higgsino scenario" 
with M = 1000 GeV and p = 200 GeV. The corresponding physical masses and 
mixing angles are listed in Tables 3 and 4. 

We first discuss the gaugino scenario of Table 3: Figure 2 shows the 1-loop 
(SUSY-QCD [5] and Yukawa coupling) corrected cross sections of e + e~ — > Utj and 
e + e~ — > bibj and the tree-level cross sections as a function of y/s. As can be seen, 
the radiative corrections can have sizable effects. We now study the relative impor- 
tance of the various contributions to these corrections. In Fig. 3 a we show the y/s 
dependence of the gluon, gluino, and Yukawa coupling corrections to a (e + e~ — > t\ti) 
relative to the tree-level cross section. The gluon correction is always positive and 
approaches 10% of a for high y/s. In contrast to that the gluino and the Yukawa cou- 
pling corrections can have either sign. In this example \Acr^/a \ < 4%; \Acr yuk /a°\ 
can go up to 6%. The various contributions to the Yukawa coupling corrections 
are disentangled in Fig. 3 b, where we plot Aa x /a° with x = x + , X° ? H + , G, see 
Eq. (3.2) and Aa G = Aa G+ + Aa G ° . For y/s < 830 GeV all contributions are posi- 
tive with those from Higgs exchange being the most important ones. For larger y/s, 
Aa n ° and Acr H+ become negative. Together, they can be up to —60% of the gluon 
correction. This comes from the large value of p (p = 1000 GeV) which directly 
enters the qqH couplings. For y/s ~ 2 TeV the correction due to chargino exchange 

* Notice that [22, 23] have the opposite sign convention for the parameter \i. 
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also becomes important because xt = H + with a mass of ~ 1 TeV. 
Analogously, Figs. 4 a and 4 b show Aa/a° and Aa x /a° (x = % + , x°, 7i°, if + , G) 
for tit 2 + c.c. production for the gaugino scenario (Table 3). In this case the 
Yukawa coupling correction is even more important than in Fig. 3. Together with 
the gluino correction it can even cancel the gluon correction. The reason is that for 
900 GeV < y/s < 2000 GeV all relevant Yukawa coupling contributions are nega- 
tive. Again there is a large correction due to neutral Higgs boson exchange. The 
correction due to chargino exchange is sizable for y/s ~ 2ji. Notice also that here 
the neutralino contribution plays an important role. 

As for sbottom production, we see in Fig. 5 a that Yukawa coupling corrections can 
be important, too, even for small tan/5: Aa yuk reaches —17% of a . This is due to 
the top Yukawa coupling which enters the t £• x ± an d the tbH ± couplings. Indeed, 
Aa H+ and for y/s ~ 2fi also Aa* + give the main contributions to Aa yuk as can be 
seen in Fig. 5 b. However, for y/s > 1700 GeV the Yukawa coupling correction is less 
important than the gluino correction because Aa H+ and A<r* + are of similar size but 
of opposite sign. 

Let us now turn to the higgsino scenario of Table 4. Figure 6 shows the relative 
corrections to the cross section of e + e _ — > t±ti for this scenario as a function of \/s. 
Again Yukawa coupling corrections turn out to be important. In this case (small /i), 
however, the dominant contributions come from exchanges of the lighter chargino 
and neutralinos. Higgs and ghost contributions are negligible. Notice the spikes 
at ^/s ~ 400 GeV. In Fig. 7 we show the corrections to the cross section of b±bi 
production for the higgsino scenario. While the gluino correction is < 0.01 a the 
Yukawa coupling correction is about 0.04 a for ^Js > 800 GeV. For ^Js < 800 GeV 
the contributions from H + , G + , and x + are of comparable size; for larger y/s the 
chargino contribution clearly dominates. 

We finally discuss the Yukawa coupling correction to the stau production cross 
section. This correction may be important for large tan/3 (large r Yukawa coupling). 
It turns out that in this case Aa yuk (e + e~ — > fjfj) is typically up to ±5% of the 
tree-level cross section. As an example, we plot in Fig. 8 the dependence of 
the relevant Yukawa coupling correction contributions and the total correction of 
a(e + e- -> f^), % = 1,2, for M L = 280 GeV, = 250 GeV, A T = 100 GeV, 
M = 200 GeV, /i = 1000 GeV, tan f3 = 30, and m A = 300 GeV. This leads to 
= 137 GeV, mf 2 = 355 GeV, and cos#f = 0.65. For the squark parameters, 
which are needed for the radiative corrections to the Higgs masses, we have taken 
Mq = Mq = Mjj = 500 GeV, and A t = A b = 300 GeV. In both Figs. 8 a and 8 b 
Higgs boson and ghost exchanges yield the most important contributions because 
their couplings to staus directly involve the parameter /i. For M = 1000 GeV, 
/i = 200 GeV, and the other parameters as above, we get = 243 GeV, rrif 2 = 
293 GeV, and cos#f = 0.64. The Yukawa coupling correction again changes the tree- 
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level cross section by < ±5% with the dominant contributions coming from chargino 
and neutralino loops. Higgs and ghost contributions are of minor importance in this 
case. 



5. Conclusions 

We have calculated the supersymmetric Yukawa coupling corrections to stop, sbot- 
tom, and stau production in e + e~ annihilation. We have evaluated these corrections 
numerically for two scenarios, a gaugino scenario (M <C \fj,\) and a higgsino scenario 
<C M). It turns out that for stop and sbottom production the Yukawa coupling 
correction is typically ±5% to ±10% of the tree-level cross section. It can thus be 
as large as the SUSY-QCD correction. In the case of stau production the Yukawa 
coupling correction can also change the tree-level cross section by 0(±5%). In the 
case M ~ where the individual charginos and neutralinos have both sizable gaug- 
ino and higgsino components, it may be that in addition to the graphs considered, 
also box graphs contribute. Because of the complexity of their computation, their 
influence will be studied in a separate article. 

In conclusion, we have shown that the corrections due to the Yukawa couplings are 
relevant for precision measurements at a future e + e~ Linear Collider. 
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A. Couplings 

In this section we give the couplings which are necessary for calculating the matrix 
elements corresponding to the graphs of Fig. 1. The Z°f*fj coupling is proportional 
to g/{A cos9 w ) a{j with 

J _ ( m L cos2 °f - tf s w) -2/f sin 20 f \ 
13 \ -2lf sin 29; 4(/f sin 2 6 f ~ - e f s 2 w ) J ' { ' 



With the abbreviation 



aL can also be written as 



CL R = I 3 f L ' R - s 2 w e f . (A.2) 
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Here lj L = 1/2 (—1/2) for up-type (down-type) fermions / and lj R = for all 
fermions. The matrix W is given in eq. (2.2). 



The Higgs-sfermion-sfermion couplings are given in 0(h t , h b , h T ). The Yukawa 
couplings h t , h b , and h T are already given in eq. (1.1). The couplings for the 7i°f*fj 
interactions (H° = {h°,H°,A }, i,j = 1,2) are -iy/2h f (Gj jk ) with 



G R l( mcosa I(Acosa + / ,sina)\ - 

1 -\A t cos a + /i since) m t cosa 



2 



G |(A d sina + / ,cosa)\ , T) 

\ ±(A d sma + /icosa) m rf sina; / 

G i2 = R\( UA mSina |(A sin a - // cos a) \ iT 

\ ±(A t sma — /icosa) m f sma J 

G = R d ( mucosa ± (4, cos a sin a) \ d - T 

d ' 2 \ cos a - //since) mucosa J ' 

r _( -f(A t cos/3 + /isin/3)\ 

Gf ' 3 " y(A t cos/3 + //sin/3) )' ^ 

/ -f(A d sin/3 + /icos/3)\ 

d ' 3 y(A d sin/3 + //cos/3) J ' 1 ' 

Here d stands for b or f. The couplings for the H ± f*f'^ interactions are i(Gjp)ij 
with 

t fh b m b sin (3 + h t m t cos (3 h b (A b sin (3 + fi cos (3) \ r 

and 

^ ^ / m T sin/? cosftf + (A,- sin (3 + /x cos/?) sin Of 0\ (All) 
y — m T sin /3 sin Of + (A T sin /3 + // cos /3) cos Of 0/ 

Note that (Gfj,)^ = (Gj,j)ji. 

For the interaction of Z° with charginos we need 



0' i f = -V il V jl --V i2 V j2 + 5 ij s 2 w , 

0\f = -U n U n - \u i2 U j2 + 5 ijS 2 w , (A.12) 

with the real rotation matrices U and V which diagonalize the chargino mass matrix 
[2, 20], = 1,2). For the interaction of Z° with neutralinos we need 

Olt = -0'u R = \ ((-N k3 N l3 +N k4 N l4 ) cos2f3 - (N k3 N lA + N k4 N l3 ) sin2/3) , (A.13) 
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with the real rotation matrix N which diagonalizes the neutralino mass matrix [21], 
(k, I = 1, . . . , 4). One has: xl = N ki where = (-«A 7 , -i\ z , ^° Ha ,^° Hb ). 

The chargino/neutralino-sfermion-fermion couplings are given in 0(h t , h b , h T ). 
The coupling matrices l{j and k{j are 

1% = h t V j2 R\ 2 , % = h b U j2 R b i2 , 

k\ 3 = h h U 32 R\ x , k\ = h t V 32 R\, (A.14) 
= 1, 2) and as h Vr = 

lij = , IJj = h T Uj 2 R T i2 , 

k*T = h T U j2 I% 1 , k^ = 0. (A. 15) 
The couplings a{ k and b{ k are = 1,2) 

4 = , &f fe = h f R&Nl . (A.16) 

= 1, . . . , 4 refers to A"/ is different for up-type and down-type fermions, 

N l k = N k3 sm(3-N M cos(3, 
N b k ' T = -N k3 cos - N M sin (3 . (A. 17) 
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M 


= 200, 


n 


= 1000, 


tan (5 


= 4, 


m A 


= 300, 


Mq 


= 225, 


Mo 


= 200, 


M D 


= 250, 


A t , b 


= 400. 


m- h 


= 218, 


m h 


= 317, 


cos 9f 


= -0.64, 






m ~ bl 


= 200, 




= 278, 


cos d~ h 


= 0.79, 






m xt 


= 196, 


m xt 


= 1007, 


m- g 


= 559, 






X\ 


= 100, 




= 196, 




= 1002, 


X4 


= 1007, 


m h o 


= 93, 




= 305, 


m H + 


= 298, 


sin a 


= -0.32. 



Table 3: Gaugino scenario, all masses in [GeV]. 



M 


= 1000, 


fi 


= 200, 


tan (3 


= 4, 


m A 


= 300, 


Mq 


= 225, 


Mu 


= 200, 


M D 


= 250, 


A t , b 


= 400. 


m~ tl 


= 113, 


m h 


= 368, 


cos 9i 


= -0.68, 






m l, 


= 231, 


m i 2 


= 252, 


cos Q~ h 


= 0.98, 






m xi 


= 196, 


m xt 


= 1007, 


m-g 


= 2393, 






Xi 


= 190, 


X-2 


= 202, 


X3 


= 509, 




= 1007, 




= 106, 




= 305, 


m H + 


= 309, 


sin a 


= -0.31. 



Table 4: Higgsino scenario, all masses in [GeV]. 
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Figure 2: Total (SUSY-QCD and Yukawa coupling) corrected cross sections (full lines) 
together with the tree-level cross sections (dashed lines) of (a) e + e~ — > trfj and (b) e + e~ — > 
bibj for the scenario of Table 3. 
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Figure 3: Radiative corrections to e + e~ — > i\t\ relative to the tree-level cross section for 
the scenario of Table 3: (a) gluon, gluino, and Yukawa coupling corrections and (b) various 
Yukawa coupling correction contributions. 
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Figure 4: Radiative corrections to e + e~ — ► t\t2 + c.c. relative to the tree-level cross 
section for the scenario of Table 3: (a) gluon, gluino, and Yukawa coupling corrections and 
(b) various Yukawa coupling correction contributions. 



17 



li-O 



b 

< 



0.3 
0.2 
0.1 
0. 
0.1 
0.2 



ir - ^ — i — i — i — i — r 


- 1 — i — i — i — i — i — i — i — c 

(a) - 




gluon 


gluino 


— Yukawa 




- i i i i i i i i i i i i 


i i i i i i i i i 



500 1000 1500 2000 2500 

V7s [GeV] 





0.05 


n — i — i — i — i — i — i — i — i — i — i — 


■ — i — i — i — i — r 


-i — i — i — i — r 


1—i 


0. 








o 

b 




' G+ 






H 

b 
< 


-0.05 
-0.1 


- 

- u+ 

:v n 








-0.15 


: \y 

I 1 1 1 1 I 1 1 1 I I 





i i i i r 



500 1000 1500 2000 2500 

V~s [GeV] 



Figure 5: Radiative corrections to e + e~ — > b±bi relative to the tree-level cross section for 
the scenario of Table 3: (a) gluon, gluino, and Yukawa coupling corrections and (b) various 
Yukawa coupling correction contributions. 
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Figure 6: Radiative corrections to e + e~ — > i\t\ relative to the tree-level cross section for 
the scenario of Table 4: (a) gluon, gluino, and Yukawa coupling corrections and (b) various 
Yukawa coupling correction contributions. 
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Figure 7: Radiative corrections to e + e~ — > b±bi relative to the tree-level cross section for 
the scenario of Table 4: (a) gluon, gluino, and Yukawa coupling corrections and (b) various 
Yukawa coupling correction contributions. 
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Figure 8: Yukawa coupling correction contributions relative to the tree-level cross section 
of (a) e+e~ -> t 1 t 1 and (b) e+e" f 2 f 2 for M L = 280 GeV, = 250 GeV, A T = 
100 GeV, M = 200 GeV, fi = 1000 GeV, tan (3 = 30, m A = 300 GeV. 
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